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Learning objectives

• Learn about microbiological contaminants in food 
processing environments.

• Review sources of contamination.

• Gain understanding of factors influencing microbial 
growth and survival.

• Introduce ways to control microbial hazards.
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South Africa listeriosis 
outbreak
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“As of 02 March 2018, a total of laboratory-confirmed cases 
have risen to 948, still counting from January 2017. Of these 
948, a total 659 patients have been traced and 180 of them 
have unfortunately died. This constitutes 27% case fatality 
rate.”

Minister	of	Health	Dr.	Aaron	Motsoaledi



How does it get 
contaminated?
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What	are	
the	

microbial
hazards?

Why	and	
how	do	
they	

survive?

Where	do	
they	come	
from?

How	do	we	
prevent	or	
control	
them?

Food processing environment



Definitions
• Hazard

• Any biological, chemical (including radiological), or 
physical agent that has the potential to cause illness 
or injury.

• 21 CFR 117.3

• Known or reasonably foreseeable hazard 
• A biological, chemical (including radiological), or 
physical hazard that is known to be, or has the 
potential to be, associated with the facility or the 
food.
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Biological	Agents	Cause	More	Outbreaks

Hazard 
Type

Outbreaks Illnesses Hospitalizations Deaths

Biological 2,545 52,750 3,552 99

Chemical 163 663 67 5

Physical Not collected

Unknown 1,204 13,770 286 3
Adapted from: CDC Surveillance for Foodborne Disease Outbreaks, United States Annual Reports, 
2009-10, 2011, 2012, 2013

Reported	Foodborne	Illness	Outbreaks	2009–2013
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What are 
the 

microbial
hazards?

Food processing environment



Biological or microbial hazards
• Pathogens 

• Organisms of concern because they can make people ill

• Any agent that causes disease in humans, animals or plants
• Bacteria, viruses, protozoans
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National Nonpoint Source Monitoring Program September 2013

range from 0.5 to 5.0 µm in size. Some live in soil, plants, or water; others are parasites of 
humans, animals, and plants. Bacteria can be classified into three groups based on their 
need for oxygen. Aerobic bacteria thrive in the presence of oxygen and require oxygen for 
continued growth and existence. Anaerobic bacteria thrive in oxygen-free environments. 
Facultative anaerobes can survive in either environment, although they prefer the 
presence of oxygen.

Bacteria are ubiquitous in nature; many species perform functions 
essential or beneficial to human life, while others cause disease. 
Of concern in this Tech Note are the types of bacteria found 
in the feces of humans and other animals that are often found 
in waterbodies, including the coliform group, streptococcus, 
campylobacter, and others. It is important to understand that most 
fecal bacteria are not pathogenic or disease-causing. 

Important water-borne pathogenic bacteria include:

Escherichia coli O157:H7 is a potentially deadly bacteria strain 
that can cause bloody diarrhea and dehydration, especially in 
children. It is an unusually infectious organism with as few as 
10 cells capable of causing illness. Although this organism is not 
pathogenic to cattle themselves, calf water troughs and moist 
mixed cattle rations have been cited as sources of E. coli O157:H7 
on farms.

Campylobacter (e.g., Campylobacter jejuni) is common in the 
environment and is shed in the feces of humans, livestock, and 
wildlife, including birds. C. jejuni can cause infection in humans. 
It is found in a variety of surface water, stream sediment, and 
sewage effluents. Cattle and poultry feces and effluent from 
poultry processing facilities have been shown to contain C. jejuni 
that, in some cases, are similar to strains found in humans.

Salmonella species cause diarrhea and systemic infections that can 
be fatal in particularly susceptible persons. An estimated 800,000 
to 4 million human infections occur each year in the U.S. The 
majority of outbreaks are associated with foodborne illness, rather 
than water-borne exposure.

Other bacteria of generally secondary concern include Yersinia, 
Shigella, Brucella, and Leptospirosis.

E. coli

Giardia

Enterovirus
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E. coli

Giardia

EnterovirusListeria monocytogenes 
(Photo source: CDC, Jennifer Oosthuizen)

Meals	et	al.,	2013.	
TechNotes 9	- National	Nonpoint	Source	Monitoring	Program.



Environmental pathogens of concern in 
food processing environments
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Salmonella sp.

Photo source: CDC, National Institute of 
Allergy and Infectious Diseases (NIAID)

Contaminant	of	concern	
in	dry	RTE	environments

Contaminant	of	concern	
in	wet	RTE	environments

Listeria monocytogenes

Photo source: CDC, Dr. Balasubr
Swaminathan; Peggy Hayes
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Food processing environment

Why and 
how do 

they 
survive?



Factors affecting microbial growth
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• Microorganisms grow or 
multiply in numbers when 
exposed to a favorable 
environment

• Growth can be associated 
with:

• Food spoilage
• Foodborne diseases
• Food bioprocessing

• Growth affected by: 
• Food properties/ 
environment à intrinsic 
factors

• Environment in which 
food is stored à extrinsic 
factors

• Microorganism properties 
à implicit factors
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Intrinsic factors

Properties of a 
food product

• pH
• Water activity (aw)
• Redox potential 

(Eh)
• Nutrient content
• Antimicrobial 

constituents
• Biological 

composition/ 
structures

Implicit factors

Properties of 
microorganisms 
themselves

• Exponential phase 
cells killed more 
easily by heat, low 
pH and 
antimicrobials

• Preadaptation to 
stress

• Stress response 
mechanisms

Extrinsic factors

Properties of 
storage 
environment that 
affect microbial 
survival/growth, 
external to the 
food

• Temperature
• Relative humidity
• Gases
• Microbiota 

competition



pH

13_______________________
Roller,	2012.	Essential	Microbiology	and	Hygiene	for	Food	Professionals.	Pg.	131

A	measure	of	
food’s	acidity	or	
alkalinity.	

Foods	with	a	pH	
less	than	7.0	are	
acidic.	

While	a	low	pH	may	prevent	
bacterial	growth,	some	
pathogens	can	survive!



aw

14_______________________
Roller,	2012.	Essential	Microbiology	and	Hygiene	for	Food	Professionals.	Pg.	129

The	availability	of	water	for	microbial	growth.

“A	measure	of	the	free	moisture	in	a	food	and	is	the	quotient	of	
the	water	vapor	pressure	of	the	substance	divided	by	the	vapor	
pressure	of	pure	water	at	the	same	temperature.”	

21	CFR	117.3	



aw

15_______________________
Roller,	2012.	Essential	Microbiology	and	Hygiene	for	Food	Professionals.	Pg.	130.	Graphic	adapted	by	J.	Kovacevic.
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PURE	
WATER Fresh	meat,	poultry,	 fish,	milk,	eggs,	

vegetables,	fruit

Cured	meats	such	as	ham	and	bacon,	
fermented	meats	such	as	salami	and	chorizo,	

bread

Foods	preserved	by	drying	or	addition	of	
larger	amounts	of	sugar	or	salt

- Mature	cheeses

- Fruit	conserves	and	jams
- Pickles	and	syrups

- Cakes
- Dried	fruits

- Dried	fish

Dehydrated	foods
- flour,	 pasta,	biscuits,	crackers,	

cereals,	dried	soups,	powdered	

milk,	chocolate,	sugar,	honey

MICROORGANISMS FOODS
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Redox potential (Eh)

• Ease with which an 
element or compound 
loses/gains electrons

• Unit is mV
• Aerobes, +mV (oxidative)… O2 

• Anaerobes, -mV (reductive)…
NO3, SO4, hydrogen, lactate

• Microbes have different Eh 
niches

50 Modern Food Microbiology

Figure 3–3 Schematic representation of oxidation–reduction potentials relative to the growth of certain mi-
croorganisms.

Eh values (reduced) (Figure 3–3). Among the substances in foods that help to maintain reducing
conditions are –SH groups in meats and ascorbic acid, and reducing sugars in fruits and vegetables. In
regard to the maximum positive and negative mV values in Fig. 3–3, not only are they not necessary
for the growth of aerobes or anaerobes, but these extreme values can also be lethal to the respective
group (see EO water section in Chapter 13).

The O/R potential of a food is determined by the following:

1. The characteristic O/R potential of the original food.
2. The poising capacity; that is, the resistance to change in potential of the food.
3. The oxygen tension of the atmosphere about the food.
4. The access that the atmosphere has to the food.

With respect to Eh requirements of microorganisms, some bacteria require reduced conditions for
growth initiation (Eh of about −200 mV), whereas others require a positive Eh for growth. In the
former category are the anaerobic bacteria such as the genus Clostridium; in the latter belong aerobic

Jay	et	al.	2005.	Modern	Food	Microbiology,	7th Ed.	Springer.	pg.50.



Intrinsic factors
• Nutrient content

17

• Antimicrobial 
constituents

• Naturally occurring 
antimicrobial compounds

Plants: Eugenol (cloves), 
allicin (garlic), cinnamic
aldehyde (cinnamon), 
thymol (sage, oregano)

Dairy: Lactoperoxidase, 
lactoferrin

Eggs: lysozyme, 
ovotransferrin



Intrinsic factors: Biological composition
• Biological structures

• Protective covering that prevent microorganisms from gaining entry 
to growth promoting tissues underneath

• Once compromised, protective effect is minimized

• Examples
• Nut shells

• Eggs

• Fruit skins/peels

• Animal hides

18



19

Intrinsic factors

Properties of a 
food product

• pH
• Water activity 

(aw)
• Redox potential 

(Eh)
• Nutrient content
• Antimicrobial 

constituents
• Biological 

composition/ 
structures

Implicit factors

Properties of 
microorganisms 
themselves

• Exponential phase 
cells killed more 
easily by heat, low 
pH and 
antimicrobials

• Preadaptation to 
stress

• Stress response 
mechanisms

Extrinsic factors

Properties of 
storage 
environment that 
affect microbial 
survival/growth, 
external to the 
food

• Temperature
• Relative humidity
• Gases
• Microbiota 

competition



Temperature

• Storage temperatures 
selective or inhibitory 
for different microbes

• Abusive temperatures may 
negatively influence product 
microbes 

• freeze out probiotics

• Temperature can affect 
product quality 

• bananas

20

Temperature	(°C)
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Psychrophiles:	
optimum	

<68°F	(20°C)

Psychrotrophs:		
optimum	

~86°F	(30°C)

Mesophiles:
optimum	>95°F	

(>35°C)
Thermophiles:

optimum	
104-158°F	
(40-70°C)

FDA,	2012.	“Bad	Bug	Book”.	
Graphic	source:	Kovacevic,	J.



Relative humidity and gases
• The amount of water vapor present in air 

expressed as a % of the amount needed 
for saturation at the same temperature

• aw of food is influenced by RH of storage 
environment

Low moisture foods
• aw less than 0.6 must be kept dry, as they 

will pick up moisture from air in high RH
• Surface spoilage susceptible foods need low 

RH storage

High moisture foods 
• Low RH storage can decrease food quality 

due to physical/chemical changes

21

To counteract low RH negative effects 
upon quality, gases can be added

• Modified atmosphere packaging 
(MAP)

Photo	source:	G.	Mondini
http://www.gmondini.com/gallery/map

High:	>70%	O2,	20-30%CO2,	N2

Low:	<10%	O2,	20-30%	CO2,	N2



Microbiota competition
• Microorganisms compete with each 
other for nutrients and space

• Produce a variety of antimicrobial 
compounds (e.g. lactic acid bacteria)

• Bacteriocins, hydrogen peroxide, organic 
acids (lactic acid)

• Improve product quality/safety

• Bacteriophage
• Listeriaphage used to destroy Listeria 

monocytogenes in food production 
environments/in food

e.g. Listex
22

Image	source:	
http://www.doctorbhatia.com/wp-
content/uploads/2011/05/f-bacteria-fight.jpg



23

Intrinsic factors

Properties of a 
food product

• pH
• Water activity 

(aw)
• Redox potential 

(Eh)
• Nutrient content
• Antimicrobial 

constituents
• Biological 

composition/ 
structures

Implicit factors

Properties of 
microorganisms 
themselves

• Exponential phase 
cells killed more 
easily by heat, low 
pH and 
antimicrobials

• Preadaptation to 
stress

• Stress response 
mechanisms

Extrinsic factors

Properties of 
storage 
environment that 
affect microbial 
survival/growth, 
external to the 
food

• Temperature
• Relative humidity
• Gases
• Microbiota 

competition



Implicit factors
• Properties of 
microorganisms
Microorganism	are	
commonly	exposed	to	
damaging	elements	in	
food	processing	
environments.	

Adapted	from	Adrienne	Dolberry. 7.343	MIT	OpenCourseWare, https://ocw.mit.edu.	

They	battle	these	
conditions	through	
sophisticated	set	of	
cellular	stress	responses.

Heat

Starvation

Superoxide	dismutase
Pigment	degradation

Alternative	sigma	factors
Heat	shock	proteins

Sub-zero	
temperatures

Reactive	oxygen	species



Why is Listeria monocytogenes 
(Lm) problematic in food 
processing?

25
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Listeria spp. background

• 17 species1

- L. monocytogenes 
(Lm)
§ listeriosis in humans 

and animals

- L. ivanovii
§ listeriosis in animals

_____________________________________________
1Weller	et	al.,	2015.	Int.	J.	Syst.	Evol.	Microbiol 65:286

2014-2015
L.	fleischmannii
L.	newyorkensis
L.	acquatica
L.	floridensis
L.	cornellensis
L.	grandensis
L.	weihenstephanensis
L.	riparia
L.	booriae

Fig	1.	Phylogeny	of	Listeria	spp.	Adapted	from	Cossart (2011;	
PNAS	108:19484-91).



that become contaminated during their processing, such as soft
cheeses and cold cuts at deli counters [15e23]. Unpasteurized
milk or foods made from unpasteurized milk may contain the
bacterium. L. monocytogenes is killed by pasteurization and
cooking. However, in certain ready-to-eat foods such as hot
dogs and deli meats, contamination may occur after cooking,
before packaging. Government agencies and the food industry
have taken steps to reduce contamination of food by L.monocy-
togenes. The United States Food and Drug Administration
(FDA) and the United States Department of Agriculture
(USDA), and the corresponding national agencies in Europe
monitor food on a regular basis.When a processed food is found
contaminated, food monitoring and plant inspection are intensi-
fied, and when necessary, the implicated food is recalled. If
these policies have largely proved their efficacy, they also
have had a significant economical impact on the Food industry
[24e26].

Most human foodborne infections are associated with
a high incidence counterbalanced by a low morbidity and mor-
tality. The situation is opposite for human listeriosis, which is
a rare but potentially very severe infection, associated with
a mortality of up to 30%, even when an adequate antimicrobial
treatment is administered. This accounts for the high economic
cost associated with human listeriosis despite its relative low
incidence. Furthermore, listeriosis remains under-diagnosed,
particularly at its early stages, and this leads to delay in the
administration of antimicrobial therapy, which is absolutely
critical for a favorable outcome, here again in contrast to
most other foodborne infections [9,11].

1.2. Clinical manifestations

L. monocytogenes infects humans through the ingestion of
contaminated food. It is able to cross the intestinal barrier
and is thought to disseminate from the mesenteric lymph no-
des to the spleen and the liver (Fig. 1). The extent of the intra-
luminal multiplication, as well as the precise locations at
which it crosses the intestinal barrier is still debated. If not
controlled properly by the immune system notably at the liver
and spleen levels, L. monocytogenes infection may cause pro-
longed and asymptomatic bacteremia. It may then reach the

brain or the placenta, resulting in meningitis or encephalitis
mostly in immunocompromised patients, abortions in pregnant
women, and generalized infections in infected neonates (gran-
ulomatosis infantiseptica).

Highly contaminated food products ingested by healthy in-
dividuals may result in a self-limited gastroenteritis [10,11].
Sampling studies reported by the CDC have shown that 11%
of the food samples collected during food monitoring pro-
grams were contaminated with L. monocytogenes and that
L. monocytogenes grew from at least one refrigerator sample
of 64% of patients with listeriosis [27]. The enteric phase of
the infection was previously considered to be almost always
clinically silent. However, it was recently clearly demonstrated
that it might lead to the development of digestive signs such as
nausea, aqueous or bloody diarrhea, abdominal pain, and fever
and accounting for genuine gastroenteritis, with an attack rate
of up to 70%, particularly in cases of high ingested inocula
[21,23,28]. The importance of the inoculum size in the onset
of these early clinical signs is supported by the results of
oral challenges in healthy nonhuman primates, in whom the
ingested-inoculum had to be higher than 109 organisms/animal
to induce a detectable clinical effect [29]. Whether these
digestive clinical signs mostly account for a toxic effect of
L. monocytogenes on the intestinal tissue and/or for the cross-
ing and invasion of the mucosal barrier by L. monocytogenes
remains unknown. These digestive manifestations are usually
self-limited and resolve spontaneously.

In the population at risk for invasive listeriosis, i.e. immuno-
compromised individuals, signs accounting for generalized
infection most frequently occur after an incubation period
that can be very long (10e70 days), rendering difficult the iso-
lation of the contaminated source in sporadic cases. L. monocy-
togenes bacteremia might be responsible for an influenza-like
febrile illness, with myalgias, arthralgias, headache and back-
ache, but might also be clinically silent [30].

During pregnancy, particularly its third trimester, when
pregnancy-associated immunosuppression is thought to be
the most intense, benign common cold symptoms may reflect
a L. monocytogenes-associated bacteremia, and thus justify
the prescription of amoxicillin in febrile pregnant women, be-
cause of the seriousness of the potential maternofetal

Fig. 1. Successive steps of human listeriosis.

1217M. Lecuit / Microbes and Infection 9 (2007) 1216e1225

Fig	2. Listeria	infectious	process	and	dissemination	in	human	body.	Adapted	
from	Lecuit,	2007.	

Listeriosis disease
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brain

Colonization	of	
uterus	and	fetus

Healthy	adults:
• mild	gastroenteritis
NON-INVASIVE

Crossing	of	the	
intestinal	barrier
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Listeriosis disease
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longed and asymptomatic bacteremia. It may then reach the

brain or the placenta, resulting in meningitis or encephalitis
mostly in immunocompromised patients, abortions in pregnant
women, and generalized infections in infected neonates (gran-
ulomatosis infantiseptica).

Highly contaminated food products ingested by healthy in-
dividuals may result in a self-limited gastroenteritis [10,11].
Sampling studies reported by the CDC have shown that 11%
of the food samples collected during food monitoring pro-
grams were contaminated with L. monocytogenes and that
L. monocytogenes grew from at least one refrigerator sample
of 64% of patients with listeriosis [27]. The enteric phase of
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that it might lead to the development of digestive signs such as
nausea, aqueous or bloody diarrhea, abdominal pain, and fever
and accounting for genuine gastroenteritis, with an attack rate
of up to 70%, particularly in cases of high ingested inocula
[21,23,28]. The importance of the inoculum size in the onset
of these early clinical signs is supported by the results of
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compromised individuals, signs accounting for generalized
infection most frequently occur after an incubation period
that can be very long (10e70 days), rendering difficult the iso-
lation of the contaminated source in sporadic cases. L. monocy-
togenes bacteremia might be responsible for an influenza-like
febrile illness, with myalgias, arthralgias, headache and back-
ache, but might also be clinically silent [30].

During pregnancy, particularly its third trimester, when
pregnancy-associated immunosuppression is thought to be
the most intense, benign common cold symptoms may reflect
a L. monocytogenes-associated bacteremia, and thus justify
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1217M. Lecuit / Microbes and Infection 9 (2007) 1216e1225

Fig	2. Listeria	infectious	process	and	dissemination	in	human	body.	
Adapted	from	Lecuit,	2007.	
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• mild	gastroenteritis	followed	by	septicemia,	
meningitis,	endocarditis
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Listeriosis disease

that become contaminated during their processing, such as soft
cheeses and cold cuts at deli counters [15e23]. Unpasteurized
milk or foods made from unpasteurized milk may contain the
bacterium. L. monocytogenes is killed by pasteurization and
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before packaging. Government agencies and the food industry
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(FDA) and the United States Department of Agriculture
(USDA), and the corresponding national agencies in Europe
monitor food on a regular basis.When a processed food is found
contaminated, food monitoring and plant inspection are intensi-
fied, and when necessary, the implicated food is recalled. If
these policies have largely proved their efficacy, they also
have had a significant economical impact on the Food industry
[24e26].

Most human foodborne infections are associated with
a high incidence counterbalanced by a low morbidity and mor-
tality. The situation is opposite for human listeriosis, which is
a rare but potentially very severe infection, associated with
a mortality of up to 30%, even when an adequate antimicrobial
treatment is administered. This accounts for the high economic
cost associated with human listeriosis despite its relative low
incidence. Furthermore, listeriosis remains under-diagnosed,
particularly at its early stages, and this leads to delay in the
administration of antimicrobial therapy, which is absolutely
critical for a favorable outcome, here again in contrast to
most other foodborne infections [9,11].

1.2. Clinical manifestations

L. monocytogenes infects humans through the ingestion of
contaminated food. It is able to cross the intestinal barrier
and is thought to disseminate from the mesenteric lymph no-
des to the spleen and the liver (Fig. 1). The extent of the intra-
luminal multiplication, as well as the precise locations at
which it crosses the intestinal barrier is still debated. If not
controlled properly by the immune system notably at the liver
and spleen levels, L. monocytogenes infection may cause pro-
longed and asymptomatic bacteremia. It may then reach the

brain or the placenta, resulting in meningitis or encephalitis
mostly in immunocompromised patients, abortions in pregnant
women, and generalized infections in infected neonates (gran-
ulomatosis infantiseptica).

Highly contaminated food products ingested by healthy in-
dividuals may result in a self-limited gastroenteritis [10,11].
Sampling studies reported by the CDC have shown that 11%
of the food samples collected during food monitoring pro-
grams were contaminated with L. monocytogenes and that
L. monocytogenes grew from at least one refrigerator sample
of 64% of patients with listeriosis [27]. The enteric phase of
the infection was previously considered to be almost always
clinically silent. However, it was recently clearly demonstrated
that it might lead to the development of digestive signs such as
nausea, aqueous or bloody diarrhea, abdominal pain, and fever
and accounting for genuine gastroenteritis, with an attack rate
of up to 70%, particularly in cases of high ingested inocula
[21,23,28]. The importance of the inoculum size in the onset
of these early clinical signs is supported by the results of
oral challenges in healthy nonhuman primates, in whom the
ingested-inoculum had to be higher than 109 organisms/animal
to induce a detectable clinical effect [29]. Whether these
digestive clinical signs mostly account for a toxic effect of
L. monocytogenes on the intestinal tissue and/or for the cross-
ing and invasion of the mucosal barrier by L. monocytogenes
remains unknown. These digestive manifestations are usually
self-limited and resolve spontaneously.

In the population at risk for invasive listeriosis, i.e. immuno-
compromised individuals, signs accounting for generalized
infection most frequently occur after an incubation period
that can be very long (10e70 days), rendering difficult the iso-
lation of the contaminated source in sporadic cases. L. monocy-
togenes bacteremia might be responsible for an influenza-like
febrile illness, with myalgias, arthralgias, headache and back-
ache, but might also be clinically silent [30].

During pregnancy, particularly its third trimester, when
pregnancy-associated immunosuppression is thought to be
the most intense, benign common cold symptoms may reflect
a L. monocytogenes-associated bacteremia, and thus justify
the prescription of amoxicillin in febrile pregnant women, be-
cause of the seriousness of the potential maternofetal

Fig. 1. Successive steps of human listeriosis.

1217M. Lecuit / Microbes and Infection 9 (2007) 1216e1225

Fig	2. Listeria	infectious	process	and	dissemination	in	human	body.	
Adapted	from	Lecuit,	2007.	

Pregnant	women:	
• mild	gastroenteritis,	flu-like	but	fatal	
or	severe	complications	for	fetus

INVASIVE

INVASIVE listeriosis
fatality	rate20	to	40%



• Food processing environment is a complex and dynamic 
environment

• Potential contamination reservoirs…

Why is Lm a problem in food industry? 

RAW MATERIALS

Recurring 
introduction of new 
microorganisms

____________
Photo	source:	
https://pixnio.com (raw	materials,	personnel	2,	water	2);	http://weclipart.com/ (personnel	1);	https://pixabay.com (water	1),	BCFPA	(production	environment	1)	

WATER

Contaminated water
Inappropriate washing 
& aerosol spread

PERSONNEL

Fecal (coliforms, enterococci, 
pathogens)
Nasal, skin (Staphylococcus 
aureus), hair
Ill and asymptomatic employees 
(Viruses -Norovirus, Hepatitis)

PRODUCTION 
ENVIRONMENT

Food contact surfaces (FCS)
Floors, drains, utensils
Production equipment – fork 
lifts, hydraulic hand lifts, mats 
etc.



• Growth temperature:  31 to 113oF or -0.4 to 45oC
• Highly cold tolerant!

• Not heat resistant
• Does not survive pasteurization

• Heat tolerance may depend on strain, environment, previous heat 
shock

31

Temperature (oC/oF) 0 to 1oC
32 to 34oF

4 to 5oC
39 to 41oF

9 to 10oC
48 to 50oF

Time (h) 62 - 131 13 - 25 5 - 9

Table	1.	Generation	times	for	L.	monocytogenes.1

______________________________________________________________

1Walker et al., 1990. J Appl. Bacteriol. 68, 157-162.

Why is Lm a problem in food industry? 



• Salt tolerance
• One of the most halotolerant 

foodborne pathogens2,3

• Grows at 10% (w/v) NaCl

• Survives at 40% (w/v) NaCl

OREGON STATE UNIVERSITY 32

Fig. 3. Cheese soaked in brine. 
Photo source: https://flic.kr/p/yAGQi4

• pH requirement
• Will grow at 4.4 to 9.4

• Most food adjusted between 4-5 

• Water activity required for 
growth2

• Around 0.92

____________________________________________________________________________________

2Health	Canada,	2011;	3Liu	et	al.,	2005.	FEMS	Microbiol.	Lett.	15,	243.

Why is Lm a problem in food industry? 



Listeria monocytogenes (Lm)
• Infection causes severe illness in susceptible people – mortality 15-30%

• Primary sources: Occurs widely in agriculture (soil, plants and water) 

• Transmitted by: Refrigerated RTE foods that support growth

• Contributing factors: Environmental pathogen spread by environmental 
contamination, equipment, people, incoming raw ingredients

Growth	parameters Minimum Optimum Maximum
Temperature 31°F	(-0.4°C) 99°F	(37°C) 113°F	(45°C)
pH 4.4 7.0 9.4
aW 0.92 - -
Other Non-sporeformer
Atmosphere Facultative	- grows	with	or	without	oxygen
Sources:	ICMSF	1995 and	Bad	Bug	Book	2nd edition



Why is Salmonella problematic in 
food processing?

OREGON STATE UNIVERSITY34
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Salmonella spp. background

• Two species
• S. enterica
- Six subspecies
- Further divided into 

serotypes*: >2,500
- <100 account for 

most human 
infections

• S. bongori
- 22 serotypes
- Commonly associated 

with reptiles

*Single	species	of	microorganisms	which	share	distinctive	surface	structures.	
Sources:	Bad	Bug	Book	2nd edition	and	CDC	Salmonella	Atlas,	2013.	https://www.cdc.gov/salmonella/pdf/salmonella-atlas-508c.pdf

Agona  |  Anatum  |  Berta  |  Blockely  |  Branderup  |  Derby  |  Enteritidis  |  Hadar  |  Heidelberg  |  I 4,[5],12:i:-  |  Infantis  |  Javiana  |  Litchfield  |  Mbandaka  |  
Mississippi  |  Montevideo  |  Muenchen  |  Newport  |  Oranienburg  |  Panama  |  Poona  |  Reading  |  Saintpaul  |  Sandiego  |  Schwarzengrund  |  Senftenberg  |  
Stanley  |  Thompson  |  Typhi  |  Typhimurium  |  Agona  |  Anatum  |  Berta  |  Blockely  |  Branderup  |  Derby  |  Enteritidis  |  Hadar  |  Heidelberg  |  I 4,[5],12:i:-  
|  Infantis  |  Javiana  |  Litchfield  |  Mbandaka  |  Mississippi  |  Montevideo  |  Muenchen  |  Newport  |  Oranienburg  |  Panama  |  Poona  |  Reading  |  Saintpaul  
|  Sandiego  |  Schwarzengrund  |  Senftenberg  |  Stanley  |  Thompson  |  Typhi  |  Typhimurium  |  Agona  |  Anatum  |  Berta  |  Blockely  |  Branderup  |  Derby  
|  Enteritidis  |  Hadar  |  Heidelberg  |  I 4,[5],12:i:-  |  Infantis  |  Javiana  |  Litchfield  |  Mbandaka  |  Mississippi  |  Montevideo  |  Muenchen  |  Newport  |  
Oranienburg  |  Panama  |  Poona  |  Reading  |  Saintpaul  |  Sandiego  |  Schwarzengrund  |  Senftenberg  |  Stanley  |  Thompson  |  Typhi  |  Typhimurium  |  Agona  |  
Anatum  |  Berta  |  Blockely  |  Branderup  |  Derby  |  Enteritidis  |  Hadar  |  Heidelberg  |  I 4,[5],12:i:-  |  Infantis  |  Javiana  |  Litchfield  |  Mbandaka  |  Mississippi  
|  Montevideo  |  Muenchen  |  Newport  |  Oranienburg  |  Panama  |  Poona  |  Reading  |  Saintpaul  |  Sandiego  |  Schwarzengrund  |  Senftenberg  |  Stanley  |  
Thompson  |  Typhi  |  Typhimurium  |  Agona  |  Anatum  |  Berta  |  Blockely  |  Branderup  |  Derby  |  Enteritidis  |  Hadar  |  Heidelberg  |  I 4,[5],12:i:-  |  Infantis  
|  Javiana  |  Litchfield  |  Mbandaka  |  Mississippi  |  Montevideo  |  Muenchen  |  Newport  |  Oranienburg  |  Panama  |  Poona  |  Reading  |  Saintpaul  |  Sandiego  
|  Schwarzengrund  |  Senftenberg  |  Stanley  |  Thompson  |  Typhi  |  Typhimurium  |  Agona  |  Anatum  |  Berta  |  Blockely  |  Branderup  |  Derby  |  Enteritidis  |  
Hadar  |  Heidelberg  |  I 4,[5],12:i:-  |  Infantis  |  Javiana  |  Litchfield  |  Mbandaka  |  Mississippi  |  Montevideo  |  Muenchen  |  Newport  |  Oranienburg  |  Panama  
|  Poona  |  Reading  |  Saintpaul  |  Sandiego  |  Schwarzengrund  |  Senftenberg  |  Stanley  |  Thompson  |  Typhi  |  Typhimurium  |  Agona  |  Anatum  |  Berta  |  
Blockely  |  Branderup  |  Derby  |  Enteritidis  |  Hadar  |  Heidelberg  |  I 4,[5],12:i:-  |  Infantis  |  Javiana  |  Litchfield  |  Mbandaka  |  Mississippi  |  Montevideo  |  
Muenchen  |  Newport  |  Oranienburg  |  Panama  |  Poona  |  Reading  |  Saintpaul  |  Sandiego  |  Schwarzengrund  |  Senftenberg  |  Stanley  |  Thompson  |  Typhi  |  
Typhimurium  |  Agona  |  Anatum  |  Berta  |  Blockely  |  Branderup  |  Derby  |  Enteritidis  |  Hadar  |  Heidelberg  |  I 4,[5],12:i:-  |  Infantis  |  Javiana  |  Litchfield  
|  Mbandaka  |  Mississippi  |  Montevideo  |  Muenchen  |  Newport  |  Oranienburg  |  Panama  |  Poona  |  Reading  |  Saintpaul  |  Sandiego  |  Schwarzengrund  |  
Senftenberg  |  Stanley  |  Thompson  |  Typhi  |  Typhimurium  |  Agona  |  Anatum  |  Berta  |  Blockely  |  Branderup  |  Derby  |  Enteritidis  |  Hadar  |  Heidelberg  
|  I 4,[5],12:i:-  |  Infantis  |  Javiana  |  Litchfield  |  Mbandaka  |  Mississippi  |  Montevideo  |  Muenchen  |  Newport  |  Oranienburg  |  Panama  |  Poona  |  Reading  
|  Saintpaul  |  Sandiego  |  Schwarzengrund  |  Senftenberg  |  Stanley  |  Thompson  |  Typhi  |  Typhimurium  |  Agona  |  Anatum  |  Berta  |  Blockely  |  Branderup  
|  Derby  |  Enteritidis  |  Hadar  |  Heidelberg  |  I 4,[5],12:i:-  |  Infantis  |  Javiana  |  Litchfield  |  Mbandaka  |  Mississippi  |  Montevideo  |  Muenchen  |  Newport  |  
Oranienburg  |  Panama  |  Poona  |  Reading  |  Saintpaul  |  Sandiego  |  Schwarzengrund  |  Senftenberg  |  Stanley  |  Thompson  |  Typhi  |  Typhimurium  |  Agona  |  
Anatum  |  Berta  |  Blockely  |  Branderup  |  Derby  |  Enteritidis  |  Hadar  |  Heidelberg  |  I 4,[5], 12:i:-  |  Infantis  |  Javiana  |  Litchfield  |  Mbandaka  |  Mississippi  
|  Montevideo  |  Muenchen  |  Newport  |  Oranienburg  |  Panama  |  Poona  |  Reading  |  Saintpaul  |  Sandiego  |  Schwarzengrund  |  Senftenberg  |  Stanley  |  
Thompson  |  Typhi  |  Typhimurium  |  Agona  |  Anatum  |  Berta  |  Blockely  |  Branderup  |  Derby  |  Enteritidis  |  Hadar  |  Heidelberg  |  I 4,[5],12:i:-  |  Infantis  
|  Javiana  |  Litchfield  |  Mbandaka  |  Mississippi  |  Montevideo  |  Muenchen  |  Newport  |  Oranienburg  |  Panama  |  Poona  |  Reading  |  Saintpaul  |  Sandiego  
|  Schwarzengrund  |  Senftenberg  |  Stanley  |  Thompson  |  Typhi  |  Typhimurium  |  Agona  |  Anatum  |  Berta  |  Blockely  |  Branderup  |  Derby  |  Enteritidis  |  
Hadar  |  Heidelberg  |  I 4,[5],12:i:-  |  Infantis  |  Javiana  |  Litchfield  |  Mbandaka  |  Mississippi  |  Montevideo  |  Muenchen  |  Newport  |  Oranienburg  |  Panama  
|  Poona  |  Reading  |  Saintpaul  |  Sandiego  |  Schwarzengrund  |  Senftenberg  |  Stanley  |  Thompson  |  Typhi  |  Typhimurium  |  Agona  |  Anatum  |  Berta  |  
Blockely  |  Branderup  |  Derby  |  Enteritidis  |  Hadar  |  Heidelberg  |  I 4,[5],12:i:-  |  Infantis  |  Javiana  |  Litchfield  |  Mbandaka  |  Mississippi  |  Montevideo  |  
Muenchen  |  Newport  |  Oranienburg  |  Panama  |  Poona  |  Reading  |  Saintpaul  |  Sandiego  |  Schwarzengrund  |  Senftenberg  |  Stanley  |  Thompson  |  Typhi  |  
Typhimurium  |  Agona  |  Anatum  |  Berta  |  Blockely  |  Branderup  |  Derby  |  Enteritidis  |  Hadar  |  Heidelberg  |  I 4,[5],12:i:-  |  Infantis  |  Javiana  |  Litchfield  
|  Mbandaka  |  Mississippi  |  Montevideo  |  Muenchen  |  Newport  |  Oranienburg  |  Panama  |  Poona  |  Reading  |  Saintpaul  |  Sandiego  |  Schwarzengrund  |  
Senftenberg  |  Stanley  |  Thompson  |  Typhi  |  Typhimurium  |  Agona  |  Anatum  |  Berta  |  Blockely  |  Branderup  |  Derby  |  Enteritidis  |  Hadar  |  Heidelberg  |  
I 4,[5],12:i:-  |  Infantis  |  Javiana  |  Litchfield  |  Mbandaka  |  Mississippi  |  Montevideo  |  Muenchen  |  Newport  |  Oranienburg  |  Panama  |  Poona  |  Reading  |  
Saintpaul  |  Sandiego  |  Schwarzengrund  |  Senftenberg  |  Stanley  |  Thompson  |  Typhi  |  Typhimurium  |  



Salmonellosis

In US, each year:
>1.2 million illnesses      23,000 hospitalizations    450 deaths

Gastrointestinal illness
Nausea, vomiting, diarrhea, cramps, and 
fever. 6 to 72 h after exposure.

Last several days and taper off within a 
week. Mortality is <1%.

Symptoms go away but long-term arthritis 
may develop. 

Typhoidal illness
High fever, diarrhea or constipation, aches, 
headache, and lethargy (drowsiness or 
sluggishness), and, sometimes, a rash. 1 to 
3 weeks, up to 2 months after exposure.

Without treatment, mortality up to 10%.

Often associated with sewage-contaminated 
drinking water, pets, 

Almond	Board	of	California.	PEM	Book.	
http://www.almonds.com/sites/default/files/pem_book.pdf



Why is Salmonella a problem?
• Survives for a long period of time under dry conditions

• Salmonella Enteriditis Phage Type 30 can survive for up to 550 days 
on almond kernels held under a variety of common storage 
conditions 

• Can survive for up to 24 weeks in peanut butter, with a higher 
incidence of survivors in product stored at 41°F (5°C) versus 69.8°F 
(21°C)

• Low aw detrimental to Salmonella survival at 131°F (55°C) or 140°F 
(60°C), but…

• If temperatures greater than 158°F (>70°C) = protection!

• Harder to inactivate at higher temperature 

37

Uesugi et	al.,	2006.	JFP	69:1851-1857.

Burnett	et	al.,	2000.	J	Appl.	Bacteriol.	89:472-477.

Mattick et	al.,	2001.	AEM	67:4128-4136.

Almond	Board	of	California.	PEM	Book.	
http://www.almonds.com/sites/default/files/pem_book.pdf



• Can persist for prolonged time in environment

• Salmonella Enteriditis Phage Type 30 has persisted in a single 
almond orchard for over a 5 years …

• Persistence and growth in almond orchard soils for extended periods
of time 

• Survives for weeks in aquatic environments, including irrigation 
water

• Survives drying of the almond hulls

• Colonizes conveyor belts, processing floors, dust samples, employee 
shoes, brooms… etc.

38

Why is Salmonella a problem?

Almond	Board	of	California.	PEM	Book.	
http://www.almonds.com/sites/default/files/pem_book.pdf



Salmonella spp.
• Infection causes nausea, vomiting, diarrhea, fever, headache

• Primary sources: Intestinal tract of people and animals

• Transmitted by meat, poultry, eggs, raw milk, unpasteurized juice, many other 
foods (nuts, spices, produce, chocolate, flour) 

• Contributing factors: cross-contamination, undercooked food, poor agricultural 
practices

Growth 
parameters

Minimum Optimum Maximum

Temperature 41°F (5.2°C) 95-109°F (35-43°C) 115°F (46.2°C)
pH 3.7 7-7.5 9.5
aW 0.94 0.99 >0.99
Other Non-sporeformer
Atmosphere Facultative - grows with or without oxygen
Sources: ICMSF 1995 and Bad Bug Book 2nd edition
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Food processing environment

Where do 
they 
come 
from?



Microbial sources
• Diverse habitats (but 
overlapping!) 

• E. coli

• Soil and water, plants, GI 
tract, people

• Listeria

• Soil and water, plants, 
people, animal feeds, 
animal hides

• Salmonella

• GI tract, animal feeds
Jay	et	al.,	2005.	Modern	Food	Microbiology,	7th Ed.	

Springer.	Pg.18-19.



Sources of foodborne 
pathogens

42
Ray,	2013.	pp.	34

Meat	animals

Humans Fruits	and	
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Dairy	cows
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eggs

Contact	with	
animals



Contamination routes
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Natural	
environment/raw	

ingredients

Food	processing	
environment

Preparation	of	
ready-to-eat	food Human	host

Graphic	source:	Kovacevic,	J.
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Soft ripened cheese (SRC) caused over 130 foodborne illnesses in British Columbia (BC), Canada, during two 
separate listeriosis outbreaks. Multiple agencies investigated the events that lead to cheese contamination 
with Listeria monocytogenes (L.m.), an environmentally ubiquitous foodborne pathogen. In both outbreaks 
pasteurized milk and the pasteurization process were ruled out as sources of contamination. In outbreak A, 
environmental transmission of L.m. likely occurred from farm animals to personnel to culture solutions used 
during cheese production. In outbreak B, birds were identified as likely contaminating the dairy plant’s water 
supply and cheese during the curd-washing step. Issues noted during outbreak A included the risks of 
operating a dairy plant in a farm environment, potential for transfer of L.m. from the farm 
environment to the plant via shared toilet facilities, failure to clean and sanitize culture spray 
bottles, and cross-contamination during cheese aging. L.m. contamination in outbreak B was 
traced to wild swallows defecating in the plant’s open cistern water reservoir and a multibarrier
failure in the water disinfection system. These outbreaks led to enhanced inspection and surveillance of 
cheese plants, test and release programs for all SRC manufactured in BC, improvements in plant design and 
prevention programs, and reduced listeriosis incidence.
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Soft ripened cheese (SRC) caused over 130 foodborne illnesses in British Columbia (BC), Canada, during two separate listeriosis
outbreaks. Multiple agencies investigated the events that lead to cheese contamination with Listeria monocytogenes (L.m.), an
environmentally ubiquitous foodborne pathogen. In both outbreaks pasteurizedmilk and the pasteurization process were ruled out
as sources of contamination. In outbreak A, environmental transmission of L.m. likely occurred from farm animals to personnel to
culture solutions used during cheese production. In outbreak B, birds were identified as likely contaminating the dairy plant’s water
supply and cheese during the curd-washing step. Issues noted during outbreak A included the risks of operating a dairy plant in a
farm environment, potential for transfer of L.m. from the farm environment to the plant via shared toilet facilities, failure to clean
and sanitize culture spray bottles, and cross-contamination during cheese aging. L.m. contamination in outbreak B was traced to
wild swallows defecating in the plant’s open cistern water reservoir and amultibarrier failure in the water disinfection system.These
outbreaks led to enhanced inspection and surveillance of cheese plants, test and release programs for all SRC manufactured in BC,
improvements in plant design and prevention programs, and reduced listeriosis incidence.

1. Introduction

Listeria is an environmentally ubiquitous Gram positive bac-
terium found in soil and vegetation, sewage, water, animal
feeds, and food processing environments [1].The pathogenic
species L. monocytogenes (L.m.) infects domestic animals
(i.e., cattle, sheep, goats, horses, poultry) and has also been
found in wild avians, fish, and shellfish [2]. Of the eight
species, L.m. is most often associated with human illness,
although L. ivanovii, common in ruminant infections, is occ-
asionally associated with human infection as well [3]. In
humans, 99% of listeriosis cases are contracted through the
consumption of contaminated food [4]. Healthy individuals
rarely seek medical care for listeriosis infections, as these are
self-limited with gastroenteritis and/or mild flu-like symp-
toms. However, elderly persons (>65 years), immune compr-
omised individuals, neonates, and pregnant women and their

fetuses are more susceptible to invasive forms of listeriosis
infections, which can lead to encephalitis, meningitis, sep-
ticemia, and/or spontaneous abortions during the last trimes-
ter of pregnancy. Mortality rates for invasive listeriosis typi-
cally range between 20% and 40% [5, 6].

Several categories of ready-to-eat (RTE) foods have been
associated with listeriosis outbreaks including vegetables
(corn, celery, coleslaw, sprouts/taco salad) [6–9]; fruits (can-
taloupe) [10]; processed deli meats (beef, turkey, hog head
cheese, hot-dogs, cooked ham, jellied pork, RTE sandwiches)
[11–17]; seafoods (crab meat, cold-smoked trout, smoked
mussels, shrimp) [6, 18–20]; unpasteurized dairy products
(Mexican soft cheese, rawmilk cheeses, on farm fresh cheese)
[21–25]; pasteurized dairy products (butter, soft cheese, sour
milk curd cheese, fluid milk) [26–32].

Control of L.m. in food processing and retail environ-
ments is particularly difficult, due to its high cold tolerance
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Factor 1, design failure: Listeria monocytogenes intrusion from avian source into cistern water supply
Factor 2, maintenance error: incorrect piping material leads to fouling of quartz tube (iron oxide) rendering

Factor 3, operational change: cheese curds are washed with lukewarm water (45∘C), rather than hot water (66∘C)

Figure 2: Schematic diagram of water supply system in dairy processing plant B.

cultures and ingredients used in the hydrated solutions was
negative, including an initial water test. An examination of
the plant’s production records revealed a critical anomaly:
during the August 16 production of SRC, warm water at 45∘C
(a mixture of hot and cold water) was used to wash cheese
curds, rather than the plants’ normal procedure of using hot
water at 66∘C. Curd washing required the addition of 50 to
75 L of water to the cheese vat. This led to a hypothesis that
the water used in the plant may have been the source of L.m.,
and the investigation focused on the water supply.The initial
test of in-plant water (100mL was taken from the water hose
in the plant used for curd washing) was negative for L.m. and
other Listeria spp. When a larger sample of 1.5 L, rather than
100mL, of tap water was examined on repeat sampling, L.
seeligeri was found in the second test.

Water for Plant B was supplied by a private deep well
located several hundred metres away (Figure 2). Well water
was pumped to an aboveground open concrete cistern located
150m from the dairy processing plant. Although water samp-
les from the cistern were negative for Listeria spp., total
coliform and HPC results of cistern and post-UV treated
water were unsatisfactory. The colour of the water in the
cistern was elevated at 70 true colour units (TCU). However,
an environmental swab of bird droppings on a pipe directly
above the water surface in the cistern was positive and matc-
hed the PFGE profile of the outbreak L.m. strain. Other faecal
and environmental samples in and around the farm revealed
several Listeria spp., including matches to the outbreak strain
in swabs taken from a rag regularly soaked with water in
the milk house and in a barn swallow’s nest (Table 3). From
the cistern, water was pumped to the dairy processing plant
and then through successive filters of 20!m and 5 !m before

passing through a UV water sterilizer into the plant. Further
investigation of the water supply revealed a recently repaired
section of piping supplying water to the UV sterilizer, where a
20 cm (8 inch) piece of iron pipe was spliced into the existing
copper line.When the UV sterilizer was disassembled, a buil-
dup of debris, suspected to be iron oxide, was found on the
quartz sleeve that separated the water from the UV bulb. An
engineer consultant calculated a UV transmittance of 47.5%
based on the UV absorbance of the filtration unit (0.323 au)
and on the elevated colour of the cistern water (with an
unfouled quartz sleeve), a value considered extremely low.
The combination of excessive cistern water colour and the
fouled quartz sleeve would further lower the calculated UV
transmittance, rendering the UV sterilizer ineffective.

4. Discussion and Conclusion

Postpasteurization contamination of SRC occurred in both
outbreaks. Neither pasteurization failure nor contaminated
milk supply were likely contributors to the outbreaks. Both
dairy processing plants were visually very clean, and inspec-
tion observations found acceptable sanitation levels in the
interior plant environments. These observations were sup-
ported by environmental swab tests of food contact and
nonfood contact surfaces in the plants. In plant B, no swab
samples were positive for Listeria spp., and in plant A only
five surfaces, all in one room, were positive for L.m.However,
inspections revealed that the external environments of both
dairy processing plants were either neutral or unacceptable,
observations also supported by test findings of high Listeria
spp. and L.m. prevalence in areas outside the dairy processing
plant and in the farm environment. Outbreak A events likely

McIntyre	et	al.,	2015.	BioMed Res.	Internat. http://dx.doi.org/10.1155/2015/131623
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FIGURE 3. The joint presence of Listeria
spp. and L. monocytogenes in the 
processing environment and L. 
monocytogenes in food. 
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ABSTRACT

In British Columbia (BC), Canada, food processing facilities licensed under provincial authority are not required to sample
for Listeria monocytogenes in food products or processing environments. In 2009, we conducted a survey of dairy, fish, and meat
facilities under BC authority to estimate the prevalence of Listeria spp. and L. monocytogenes in ready-to-eat (RTE) foods and
production environments. From August to October, 250 RTE food samples and 258 swabs from the food processing
environments of 43 facilities were collected. Standard culture methods were applied to both food samples and swabs. Of swabs
collected from all 258 environmental surfaces, 15% were positive for Listeria spp. Significantly (P , 0.001) more fish facilities
than dairy and meat facilities had food contact surfaces contaminated with Listeria spp. L. monocytogenes was found in RTE
foods from fish facilities alone (5 of 12); in all five of the fish facilities with contaminated product, one or more environmental
swabs were also positive for L. monocytogenes. The results suggest that while control of L. monocytogenes in BC-inspected dairy
and meat facilities is effective in limiting food contamination, there is a need for provincial inspectors to initiate improved
monitoring and management of contamination by L. monocytogenes in RTE fish processing facilities.

Despite the efforts of industry and food safety
authorities to prevent microbiological contamination of
food, pathogenic microorganisms continue to enter the food
supply. Of particular concern is Listeria monocytogenes, the
organism responsible for the deaths of 23 Canadian
consumers of ready-to-eat (RTE) meat products during a
nationwide outbreak in 2008 (4).

In the province of British Columbia (BC), Canada,
human cases of listeriosis (i.e., invasive listeriosis, caused
almost exclusively by L. monocytogenes) were made
reportable to public health authorities in 2002 following
two outbreaks associated with consumption of BC-produced
soft, mold-ripened, pasteurized milk cheese (2). An annual
average of 110 cases of listeriosis, few of them linked to any
particular exposure, was reported in Canada during 2003 to
2007 (50). A sharp increase in medical testing and reported
cases (n ~ 239) occurred in 2008, largely related to the
nationwide outbreak (1, 50). Outside of Canada, the United
States and France have reported fewer cases of listeriosis
subsequent to the implementation of hazard analysis and
critical control point (HACCP) programs and more
aggressive control measures for L. monocytogenes in foods
and processing environments (3, 24).

Even with the implementation of HACCP and other
food safety practices, the control of L. monocytogenes in

food processing environments remains a challenge as these
bacteria can form biofilms (39) and are able to survive in
refrigerated environments (i.e., temperatures ,4uC), high
salt concentrations (i.e., 20%), limited oxygen atmospheres,
and moderate to low acidity (pH 4.4 to 9.6) (20). With these
traits and its wide distribution in the environment, L.
monocytogenes has become a common inhabitant of food
processing establishments, with almost no food category
free from its presence (20). As different species of Listeria
are often found living together (39), the presence of any
Listeria species in a food processing environment is an
indication that conditions are favorable for the survival and
potential growth of pathogenic L. monocytogenes (38, 45).

The sources and pathways of contamination by L.
monocytogenes in food processing facilities vary by facility
type (43). In facilities in which foods undergo multiple
handling steps, contaminated equipment or processing
environments (9) and food handler practices (13) play a role
in product contamination. The complex equipment found in
larger food processing facilities is difficult to clean and
sanitize, potentially harboring L. monocytogenes and result-
ing in ongoing contamination of food products (12, 32). In
smaller facilities, food product trays, crates, slicers, knives,
carts, and countertops may harbor L. monocytogenes, leading
to food contamination (5, 30, 47). In most cases, however, it
is difficult to determine the primary source of L. monocyto-
genes found in food processing environments (28), and, given
its ubiquitous nature, complete elimination seems impossible
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216

Journal of Food Protection, Vol. 75, No. 2, 2012, Pages 216–224
doi:10.4315/0362-028X.JFP-11-300
Copyright G, International Association for Food Protection

Occurrence and Distribution of Listeria Species in Facilities
Producing Ready-to-Eat Foods in British Columbia, Canada
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type (43). In facilities in which foods undergo multiple
handling steps, contaminated equipment or processing
environments (9) and food handler practices (13) play a role
in product contamination. The complex equipment found in
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to achieve (21, 50). However, careful assessment of known
hazards, combined with regular microbial testing of foods
and processing environments, worker training, and ongoing
vigilance are key to reducing food contamination and public
health risk (26).

In BC, food processing facilities that export foods
outside of the province are inspected by the federal
Canadian Food Inspection Agency, while those producing
for consumption in-province alone are inspected by
provincial public health officers. Recent amendments to
the Canadian Food Inspection Agency’s Meat Hygiene
Manual of Procedures (8) have placed more attention at the
federal level on testing for Listeria spp. and/or L.
monocytogenes in the manufacturing environment and in
foods produced. More rigorous monitoring and increased
frequency of inspection and sampling have been introduced
at both government and processor levels in federally
registered RTE meat processing facilities (8).

Although prevalence studies on Listeria in foods and
food processing environments have been performed in other
countries, there are no BC data and limited Canadian data
on the occurrence of Listeria spp. in RTE food processing
sectors. In BC, there are no provincial regulations or
guidelines referring specifically to Listeria spp. or L.
monocytogenes in the environment or products from
provincially licensed (but not federally registered) dairy,
fish, and meat facilities producing RTE foods. In response
to recent nationwide outbreaks of listeriosis and notable BC
outbreaks related to cheeses, the BC Centre for Disease
Control conducted a survey of Listeria spp. and L.
monocytogenes in RTE food processing facilities subject
to provincial inspection. The goals of the survey were to (i)
estimate the occurrence of Listeria (including L. monocy-
togenes and other species of Listeria) in the production
environments of dairy, meat, and fish-based facilities and in
their RTE products; (ii) assess differences in the occurrence
of Listeria between facility categories; and (iii) estimate the
prevalence of Listeria across three production line sub-
environments: non–food contact surfaces, close-to-food
contact surfaces, and food contact surfaces.

MATERIALS AND METHODS

Selection of food processing facilities. The selection of
facilities to be sampled was guided by three principles: (i) the
inclusion of facilities and RTE products from three producer
classes, namely, dairy, fish, and meat; (ii) coverage of major
geographic areas within BC; and (iii) practicability within a 3-
month sampling period. Facilities were less likely to be visited if
they had inconvenient production timetables or were geographi-
cally isolated. From August to October 2009, a total of 53 non–
federally registered food processing facilities that produce RTE
foods were visited; 10 of these facilities (mainly butcher shops and
delis) were excluded due to incomplete sampling, resulting in a
total of 43 facilities included in the survey. These comprised all 17
dairy facilities under provincial licensing authority, 12 of the 17
finfish facilities producing RTE products, and 14 RTE meat
producers, including all four eligible slaughterhouses and 10 delis
and butcher shops (a small fraction of such facilities).

Sampling plan. Trained government food hygiene inspectors
collected samples during unannounced visits; however, smaller
facilities where production was occasional were contacted prior to
sampling to ensure that the facility was in operation on that day.
Environmental swabs and RTE food products present at the facility
were collected on the same visit.

Inspectors were requested to collect six swabs from the three
production line subenvironments where RTE products were
handled: two from surfaces not in contact with food, two from
surfaces close to food, and two from surfaces in contact with food
(Table 1). The rationale for surface selection was based on
previously published reports that examined the presence of Listeria
spp. in food processing facilities (35, 49). Swabs were collected
aseptically at least 3 h after the facility began operations, in order
to increase the likelihood of capturing environmental and product
contamination incidents during processing (8, 48). Sterile prewetted
sponge applicators (Qualicum Scientific Ltd., Nepean, Ontario,
Canada) were used to swab areas (30 by 30 cm), five times vertically
and five times horizontally. Sponges were then placed aseptically in
sterile bags and refrigerated for no more than 48 h.

Six RTE food samples (ca. 150 g per sample) were also
requested from each facility. These were collected aseptically,
either in sterile sample bags or as prepackaged consumer-ready
product. Foods sampled had been produced on the day of the visit
or, in the case of foods normally aged prior to shipment (e.g., aged

TABLE 1. Types of surfaces sampled for recovery of Listeria spp. in ready-to-eat dairy, fish, and meat processing facilities

Type of surface:

Non–food contact Close-to-food contact Food contact

Drain Walls adjacent to food handling surfaces Work table
Sides/legs: Sides/legs: Packaging counter

Cart Slicer Food racks/shelves
Conveyor Packaging table Slicer
Vat Shrink wrapper Cutting board
Table Work table Food bin
Refrigerator Vacuum packer Food display basket/bin/insert
Doors Counter space Food mold

Area under wash sink Silent cutter Filler bowl
Support beams Scale Inside of vat pipes
Trolley wheels Cup/jug filler Cutting utensils
Bottom shelves of packaging/wrapping tables Showcase/display cooler door handle and interior
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TABLE 2. Examples demonstrating that certain strains of L. monocytogenes can become established and persist in the food-processing
environment

Type of food
produced at plant

Time of
persistencea Country

Implicated
in illness? Serotype(s)b

Refer-
ence(s)

Cheese
Cheese, blue veined
Cheese, goat
Fish, smoked

4 years
7 years
11 months
Months
14 months
Months

Switzerland
Sweden
United Kingdom
Switzerland
Finland
United States

Yes
No
Yes
No
No
No

4b
3b
4b
Several
1/2a (86%), 4b (14%)
ND

5
94
3, 63
6
53
70

Frankfurters 4 months United States Yes 1/2a 16, 95
Frankfurters (outbreak strain was not

isolated from the plant) Months United States Yes 4b 17
Ice cream
Meat, sliced lunch
Mussels, smoked

7 years
4 years
3 years

Finland
Norway
New Zealand

No
No
Yes

1/2
ND
1/2

66
69
7

Pâté (product from one plant was the source
of an outbreak from 1987 to mid-1989) 2 years United Kingdom Yes 4b(x), 4b 64, 72

Pork tongue in aspic (outbreak strain recov-
ered from the implicated plant) Months France Yes 4b 50, 86

Poultry, cooked 1 year Ireland No 1/2 57
Poultry, cooked deli products (outbreak

strain matched a strain previously isolated
from the same plant (95)) 12 years United States Yes 4b 89

Salmon, cold smoked
Salmon, smoked
Seafood, smoked salmon
Shrimp, raw shelled frozen
Trout/salmon, gravad
Trout, gravad and cold smoked
Trout, smoked/salmon, gravad
Trout, cold smoked

4 years
8 months
Months–2 years
NS
1 month
11 months
.4 years
NS

Denmark
Norway
Norway
Brazil
Sweden
Sweden
Sweden
Finland

No
No
Possibly
No
No
Yes (gravad)
Possibly
No

ND
ND
4, 1
1, 4b
4b
4b
1/2a
1/2

31
82
81
25
60
28
59
2

a NS, not stated.
b ND, not determined.

worn or cracked rubber seals around doors, on-off valves
and switches for equipment, and saturated insulation. Table
6 provides an extensive list of examples of sites that have
been found to be sources of listeriae in commercial facilities
producing a wide variety of RTE meat and poultry prod-
ucts. It is signiécant that the source was often limited to
very speciéc sites of growth that led to the contamination
of product contact surfaces during production. The location
of the niche was typically limited to a speciéc packaging
line (i.e., a number of pieces of equipment, such as slicers,
tables, conveyors, and packaging machines used in series
for packaging RTE foods). Parallel packaging lines located
within a few feet of the positive line consistently tested
negative. This énding indicates that sampling plans should
include all of the packaging lines at a frequency that is
adequate to detect a loss of control. Furthermore, products
being produced on packaging lines that are adjacent to a
line that has tested positive should be considered acceptable
as long as monitoring data support this assessment.

In some cases, extensive sampling was necessary be-
fore the ultimate source(s) could be detected. Furthermore,
the sources were often not detectable unless the equipment
was operating with product being processed. This require-

ment creates a dilemma for which there is no ready solu-
tion: a signiécant period may elapse from the time a prob-
lem is érst detected to the time its source is discovered.
Additional time is then needed to take the necessary cor-
rective actions to eliminate the source and verify that the
problem has been corrected. The period from the time the
érst positive sample is detected to the time the source is
investigated can be reduced by analyzing all routine mon-
itoring samples individually rather than compositing. How-
ever, analyzing all routine monitoring samples as individ-
uals will signiécantly increase the analytical workload. This
would be particularly burdensome for smaller establish-
ments. In some cases, prior experience may point to certain
equipment or sites as sources and indicate where corrective
actions should be taken.

A rather common misconception is that air is a notable
source of contamination. Throughout 14 years of investi-
gation (unpublished data), the air in a room has never been
found to be a chronic source of contamination of product
contact surfaces. Others have reported similar éndings (2,
51, 57, 86). Speciéc examples, however, can be cited in
which air from compressed air lines has been implicated
and has been traced to a niche near the point of use (e.g.,

Transient vs. persistent contamination
Table 2. Examples demonstrating that certain strains of L. monocytogenes can become 
established and persist in the food-processing environment. 

Tompkin, 2002. J Food Prot. 65:709-725.
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lead investigators to packing houses or to the produce fields that supply them. However, direct 
isolation of Salmonella from the production environment rarely occurs. For example, from all tomato-
associated outbreaks listed in Table 1, in one instance only were investigators successful in obtaining 
the isolate responsible [69]. Nevertheless, investigators are increasingly able to use epidemiological 
evidence as a primary method for identifying the source(s) of contamination.  

Table 1. Selected Outbreaks of Human Gastroenteritis Caused by S. enterica. 

Food Vehicle S. enterica Serovar Cases Year Traceback Reference 

Tomato Javiana 176 1990 Packing plant [67] 

Tomato Montevideo 100 1993 Packing plant [67] 

Tomato Baildon 86 1998 Grower/Packing plant [68] 

Tomato Newport 510 2002 Pond water at grower [69] 

Tomato Braenderup 125 2004 Packing plant [70,71] 

Tomato Multiserotype 561 2004 Packing plant [70,72] 

Tomato Braenderup 82 2005 Grower [73] 

Tomato Newport 72 2005 Pond water at grower [69,73] 

Tomato Typhimurium 190 2006 Packing plant [73,74] 

Tomato Newport 115 2006 Not stated [73] 

Alfalfa sprouts Stanley >242 1995 Alfalfa Seeds [75] 

Alfalfa sprouts Newport >133 1995 Alfalfa Seeds [76] 

Alfalfa sprouts Montevideo  417 1996 Alfalfa Seeds [77] 

Alfalfa sprouts Melegridis 75 1996 Alfalfa Seeds [77] 

Alfalfa/Clover  Senftenberg 60 1997 Clover Seeds [77] 

Alfalfa sprouts Infantis/Anatum 109 1997 Alfalfa Seeds [78] 

Alfalfa sprouts Havana 18 1998 Alfalfa Seeds [77] 

Alfalfa sprouts Cubana 22 1998 Alfalfa Seeds [77] 

Alfalfa sprouts Mbandaka 87 1999 Alfalfa Seeds [79] 

Alfalfa sprouts Muenchen 157 1999 Alfalfa Seeds  [80] 

Clover sprouts Typhimurium 112 1999 Clover seeds [81] 

Alfalfa sprouts Kottbus 31 2003 Alfalfa seeds [82] 

Alfalfa sprouts Saintpaul 228 2009 Alfalfa Seeds [83] 

Alfalfa sprouts Newport 44 2010 Not Stated [84] 

Alfalfa/Clover  Typhimuirum (I 4,[5],12:i:) 140 2010 Not stated [85] 

Alfalfa sprouts Enteriditis 25 2011 Not stated [86] 

Paprika Chips Saintpaul, Javiana, and Rubislaw >670 1993 Paprika powder [87] 

Toasted Oat Cereal Agona 209 1998 Air-handling system 

and vitamin spray mixer 

[88] 

Squid/shrimp Crackers Chester and Oranienberg 1634 1999 Unknown [89,90] 

Chocolate Durham 110 1970 Cocoa powder [91] 

Chocolate Eastbourne 217 1973 Cocoa bean  [92,93] 

Chocolate Napoli 245 1982 Not stated [94] 

Chocolate Nima 24 1985 Not stated [95] 

Chocolate Typhimurium 349 1987 Avian wildlife reservoir suspected [96] 

Chocolate Oranienburg 439 2001 Unknown [97] 

• Tomato-related
• Pointed to packinghouses or 

produce fields but
• Direct isolation of Salmonella from 

the production environment is 
rare!

• Contaminated water also a source

• Sprout-related
• Contaminated seeds

• Processed foods-related
• Cross-contamination from 

surfaces
• Biofilm formers, resistance to 

desiccation, heat

Landon	et	al.,	2012.	Pathogens.	1:128-155.

Review of salmonellosis 
outbreaks
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Raw ingredients
Marshmallow product with raw eggs 
• 36 cases of salmonellosis in 1995 (Lewis et al., 1996)

Paprika-powdered potato chips and paprika powder
• 1,000 cases of salmonellosis in Germany in 1993 (Lehmacher et al., 1995)

Personnel
Cross-contamination in a Japanese oil meal factory – 2006 study by Morita et al., 
2006
• Operator footwear became contaminated with Salmonella 1 day after being 

disinfected
• 90% positive contamination rate on workers gloves

Finn et al., 2013. Front Microbiol. 4:331.
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Equipment, water, air
1985 S. Ealing outbreak in UK, infant dried milk
• Cracks in the walls of the spray dryer (Rowe et al., 1987)

Outbreak of S. Agona from a toasted oat cereal
• Processing machinery was open to the atmosphere (Breuer, 1999)

Peanut butter and peanut paste in the US in 2008–2009
• >700 cases of illness and failure to prevent contamination to equipment, containers, and utensils

Pest control
Pests can act as a transmission vector for Salmonella
• 41 rodents captured in oil meal facility and tested in Japan, with 46% positive for Salmonella 

(Morita et al., 2006)

Wild birds can carry a variety of different Salmonella serotypes (Pennycott et al., 2006)

Finn et al., 2013. Front Microbiol. 4:331.
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Food processing environment

How do 
we 

prevent 
or control 

them?
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Prevent	
contamination

Kill	
them

Control	
growth

Potential control methods for bacteria
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Prevent	
contamination

Control	
growth

Proper	hygiene	practices	

Proper	cleaning	and	sanitation

Preventing	cross	
contamination	from	
raw	to	ready-to-eat

Preventing	
contamination	from	
equipment,	personnel

Potential control methods for bacteria
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Heat,	acid,	antimicrobial	chemicals,	
irradiation,	ultrasound,	pulsed	light,	
high	pressure…

Conditions	influence	
rate	of	kill

Time,	temperature,	
food	composition…

Models	can	predict	inactivation

Kill	
them

Potential control methods for bacteria
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Control	
growth

Understand intrinsic 
and extrinsic factors!
Food	– a	nutrient	source
Temperature	and	time
pH	– acidity	or	alkalinity	
measure	
Water
Proper	atmosphere
Microbial	competition
Preservatives

Reducing	growth	reduces	risk	
but	may	not	eliminate	it!

Apply hurdle concept
Multiple	factors	are	combined	to	
control	food	microorganisms

Temp,	aw,	pH,	Eh,	
antimicrobials

Can	lead	to	milder	processing,	
increasing	fresher	food	product	
availability

Gas	packaging,	
bioconservation,	bacteroicins,	
ultrahigh	pressure	treatment,	
edible	coatings	
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Control	
growth

Understand intrinsic 
and extrinsic factors!

Apply hurdle concept

Validate processes are adequate to 
kill microorganisms/prevent 

growth!



Summary
• Foods and food processing environments may become contaminated with 

pathogens found in nature, animals, humans and various sources

• Two common pathogens of concern in food processing environments are 
Listeria monocytogenes (wet environment) and Salmonella spp. (dry 
environment)

• Environmental pathogens may be able to survive and persist in processing 
environment for a long time

• Microbial growth and survival is affected by intrinsic, extrinsic and implicit 
factors

• Potential controls for microbiological hazards include: preventing 
contamination, killing microorganisms through processing, controlling 
growth of microorganisms through manipulation of growth conditions 
(intrinsic/extrinsic factors) 58


